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A SELF-ALIGNING BACKHAUL SYSTEM, METHOD AND APPARATUS 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to communications and, more particularly, to a self- 
aligning backhaul arrangement that enables access points to efficiently and aggressively 
utilize shared bandwidths when communicating with a central node (CN) comprising a 
point of entry into a wired network. 

BACKGROUND OF THE INVENTION 

Wireless local area networks (LANs) have been used for the past several years to 
untether data applications in the local area. In addition, wireless LANs are now being 
proposed for supporting real-time voice and video applications, even though the 
characteristics and performance requirements of data and real-time traffic differ 
substantially. Real-time traffic requires bounded end-to-end delays beyond which 
information loses its value and may be discarded. In contrast, the end-to-end delay 
requirements of data traffic are less stringent. The Institute of Electrical and Electronics 
Engineers (IEEE) formed a study group that formulated IEEE standard 802.11, which 
supports real-time traffic over a wireless LAN. 

IEEE standard 802.1 1 supports real-time traffic over a wireless LAN by switching 
from a normal, distributed access mode to a centralized mode. The standard recommends 
that the medium access control (MAC) layer use a carrier sense multiple access/collision 
avoidance (CSMA/CA) scheme as the basic access control mechanism. This scheme is a 
variant of the well-known CSMA with collision detection (CSMA/CD) scheme, which is 
used in hard-wired LANs and which has now been adapted to meet the constraints of the 
wireless environment. The CSMA/CD scheme has long been recognized as unsuitable 
for supporting real-time applications. 
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Supporting real-time traffic is likely to be even more problematic in wireless 
LANs. Current wireless LANs typically operate at 2 Mb/s, whereas hard-wired LANs 
that use CSMA/CD typically operate at 10 Mb/s. Therefore, for the same relative loads, 
wireless LANs have higher queuing delays. For comparable system parameters, the 
CSMA/CA protocol has even worse throughput-delay characteristics than the CSMA/CD 
protocol. 

While different segments of a hard-wired LAN generally are electromagnetically 
isolated, neighboring cells of a wireless LAN often interfere with each other, thereby 
decreasing the individual throughputs of the cells. Moreover, the most effective solutions 
for providing priority to real-time traffic in CSMA/CD-based LANs rely on the collision 
detection ability of hard-wired transceivers, which are not utilized in wireless 
communications. In an effort to provide a more suitable solution for supporting real-time 
traffic than the CSMA/CA protocol, the MAC layer of the IEEE 802.1 1 provides for an 
optional centralized access mode that is based on polling rather than carrier detection. 
However, the use of this centralized scheme imposes heavy constraints on the operation 
of wireless LANs. First of all, the centralized mode cannot be operated simultaneously in 
neighboring cells. Secondly, the centralized mode requires the existence of an access 
point (AP) with specialized access functions. In addition, it has been determined that the 
centralized scheme of the IEEE 802.1 1 standard results in poor performance. 

In an article-entitled "Real-Time Traffic Over the IEEE 802. 1 1 Medium Access 
Control Layer," by Sobrinho and Krishnakumar, a modification to the IEEE 802.1 1 
standard is discussed that guarantees bounded access delays to real-time traffic and which 
does not rely on collision detection capability. The real-time access points (APs) provide 
real-time traffic with priority over the data APs to ensure that real-time traffic is provided 
with a guaranteed bandwidth. The medium access control protocol discussed in the 
article is intended to govern communication between APs and wireless devices such as, 
for example, cellular telephones and laptop computers. Real-time traffic is 
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communicated to real-time APs and data is communicated to data APs. The APs then 
communicate the real-time information and data to the CN serving the APs. 

The MAC layer proposed in the aforementioned article utilizes a technique known 
as Black bursts to enable real-time APs to organize themselves in such a way that each 
accesses the channel between the wireless devices and the APs at regularly-spaced and 
distinct time intervals with minimal disruption to surrounding data traffic. As APs enter 
and leave the network, the Black bursts technique provides the mechanism by which 
access instants are re-aligned to accommodate the change in traffic patterns while 
preserving the basic rules for fair medium access. 

It would be advantageous to provide a medium access control protocol that would 
provide similar advantages for communications between APs and CNs in a backhaul 
network configuration. In a typical backhaul configuration, the CNs comprising points of 
entry into a wired network collect data and/or real-time information from the APs that 
they serve and then the data and/or real-time information is transported, or backhauled, 
over a wired link, such as an optical fiber trunk. It would be advantageous to adapt the 
Black bursts technique to a backhaul network configuration to enable access instants in 
communicating between APs and CNs to be re-aligned in response to changes in the 
network (e.g., APs entering and leaving the network) without requiring the APs to 
explicitly inform each other of the changes. This is an especially desirable capability in 
the quest to enable wireless networks to become entirely self-configuring. The present 
invention meets these and other objectives. 

SUMMARY OF THE INVENTION 
The present invention provides a medium access control protocol that enables APs 
to communicate with CNs in a backhaul network configuration in such a manner that the 
network is dynamically self-aligning in terms of bandwidth utilization. In a typical 
backhaul configuration, the CNs collect data and/or real-time information from the APs 
that they serve and then the data and/or real-time information is transported, or 
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backhauled, over a wired link, such as an optical fiber trunk. In accordance with the 
present invention, a technique known as Black bursts is adapted to a backhaul network 
configuration to enable access instants in communicating between APs and CNs to be 
automatically and dynamically re-aligned in response to changes in the network (e.g., APs 
entering and leaving the network) without requiring the APs to explicitly inform each 

other of the changes. 

In accordance with the preferred embodiment of the present invention, real-time 
APs are given priority over non-real-time APs in ordec to ensure that real-time traffic 
meets bounded end-to-end delay requirements. This il accomplished in the 
aforementioned manner by decreasing the period of time that real-time APs must wait 
while the channel is idle before accessing the channel between the APs and the CN to a 
time period that is less than the time period that non-real-time APs must wait before 
accessing the channel. Furthermore, the present invention utilizes the Black bursts 
technique to resolve contentions between APs attempting to access the channel 
simultaneously. 

During this resolution process, the AP that has been waiting the longest to access 
the channel between the APs and the CN is allowed to access the channel before all other 
APs. The AP that is first in line to access the network must then wait an additional 
observation time period before transmitting over the channel. When a determination is 
made that the observation time period has expired and that the channel is idle, the AP is 
allowed to transmit to the CN. In accordance with the preferred embodiment of the 
present invention, the observation time period is periodically decreased to cause the APs 
to attempt to access the channel earlier than in previous access instants. Thus, if an AP 
goes offline, the resulting additional bandwidth will be evenly spread out and be 
consumed by the remaining APs. 

The present invention applies to (1) situations where all of the APs 
communicating with a particular CN are non-real-time (e.g., data) APs, (2) situations 
where one or more APs are real-time (e.g., voice and video) APs and one or more APs are 
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non-real-time APs, and (3) situations where all APs are real-time APs. In all of these 
situations, the network is capable of automatically and adaptively re-aligning itself to 
efficiently and aggressively consume the available bandwidth. In situation 2, not only is 
the network capable of automatically and adaptively re-aligning itself to efficiently and 
aggressively consume the available bandwidth, but real-time APs are given priority over 
non-real-time APs so that a guaranteed QoS (Quality of Service) is realized for real-time 
traffic. 

These and other features and advantages of the present invention will become 
apparent from the following description, drawings and claims. 


BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram of a wireless network in which wireless devices communicate 
with APs which, in turn, communicate with a CN. 

Fig. 2 is a state diagram illustrating the communications protocol provided by the 
IEEE 802.1 1 standard overlaid with the Black Bursts technique for enabling wireless 
devices sending real-time information to APs to have priority over wireless devices 
sending data to the APs over the channel between the APs and the wireless devices. 

Fig. 3 is a state diagram illustrating the communications protocol of the present 
invention wherein the Black Bursts technique has been adapted for implementation in a 
backhaul network configuration to enable APs to efficiently and aggressively utilize a 
shared commumcations channel when communicating with a CN. 

DETAILED DESCRIPTION OF THE INVENTION 
Fig. 1 is a diagram illustrating a wireless network 1 in which wireless devices 2, 3 
and 4 communicate with APs 5, 6 and 7, which, in turn, communicate with a CN 8. The 
information communicated by the APs 5, 6 and 7 is then backhauled over a wired link 9 
from the CN 8 to a network 10, or group of networks, for transmission to an intended 
destination. For exemplary purposes, it will be assumed that the wireless device 2 is a 
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cellular telephone that communicates real-time voice information to AP 5 and that 
wireless devices 3 and 4 are laptop computers that transmit data to APs 6 and 7, 
respectively. Therefore, AP 5 will be assumed to be a real-time station whereas APs 6 
and 7 will be assumed to be non-real-time, or data, station. Of course, in reality, the APs 
could be configured to handle both real-time and non-real-time information. 

Real-time information, such as voice and video, requires time-bounded delays 
when being transmitted over a network. Therefore, in order to guarantee a particular 
quality of service (QoS) for real-time information, real-time APs must access a shared 
channel in such a way that the real-time information is time bounded. As stated above, 
the aforementioned article proposes a medium access control (MAC) protocol that 
provides real-time APs with priority over data APs in order to guarantee time bounded 
delays to the real-time traffic without disrupting the data traffic. The MAC protocol 
proposed in the article utilizes the Black bursts technique overlaid on the IEEE 802.1 1 
standard in order to provide the real-time APs with priority over the non-real-time APs. 
As stated above, the MAC protocol proposed in the aforementioned article was directed 
to communications between wireless devices and APs, such as between wireless devices 
2, 3 and 4, and APs 5, 6 and 7. 

In contrast, the MAC protocol of the present invention is directed to 
communications between APs and a CN, such as between APs 5, 6 and 7 and a CN 8. 
Furthermore, the MAC protocol of the present invention applies equally to situations 
where all of the APs are non-real-time APs, or where there is a mix of real-time and non- 
real-time APs. In both cases, the protocol of the present invention enables the APs to 
efficiently utilize shared bandwidth and to be self-aligning when communicating in a 
backhaul network configuration with a CN. Notwithstanding these fundamental 
differences between the MAC protocol proposed by the article and that of the present 
invention, it is believed that a discussion of the MAC protocol provided by the IEEE 
802.1 1 standard and the modification to that protocol described in the article will 
facilitate an understanding of the present invention. Therefore, the manner in which the 
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MAC protocol provided by the IEEE standard operates will now be provided with 
reference to the state diagram of Figs. 2. The modified MAC protocol of the present 
invention, which utilizes the Black bursts technique will then be discussed with reference 
to the state diagram of Fig. 3. 

With reference to Fig. 2, a data AP, such as AP 6 shown in Fig. 1, is in the idle 
mode represented by state 21 until a data packet is available for transmission. Once a 
data packet becomes available, the AP enters the carrier sense state 22. In the carrier 
sense state 22, the AP monitors the channel between the AP and the wireless device to 
determine if the channel has been idle for a prescribed period of time, ti ong . When this 
state 22 is initially entered by an AP, a timer is set to ti ong and the AP enters a wait state 
23, during which the AP waits for the timer to expire. Once this time period expires, the 
AP enters a backoff state 24. The backoff state 24 prevents collisions from occurring in 
the event that multiple APs attempt to access the channel simultaneously. In the backoff 
state 24, a second timer is set to a random time period. Since the second time period is 
randomly selected, each AP attempting to simultaneously access the channel will have a 
timer set to a different time period. When this timer expires, the corresponding AP enters 
the transmit state 25 and utilizes the channel to communicate with the corresponding 
wireless device. 

Once the packet has been sent, the AP enters the acknowledgement state 26, 
during which the AP waits for an acknowledgement indicating that the packet has been 
received. If the acknowledgement is not received before a time out period expires, the 
AP returns to the backoff state 24. From the backoff state 24, the AP will enter the 
transmit state 25 and re-transmit the packet once the random time period set during the 
backoff state 24 has expired. If the acknowledgement is received before the AP has timed 
out, the AP returns to the idle state 21. When the AP returns to the idle state 21, it 
determines whether any more packets are available for transmission. If so, the carrier 
sense state 22 is entered and a determination is made as to whether the channel is still 
idle. If the first timer has expired, the transmit state 25 will be entered and the next 


Krishnakumar 14-15 

available packet will be sent. Therefore, once a particular AP has accessed the channel a 
first time, it will continue transmitting packets without entering the wait state 23 provided 
that proper acknowledgements are received. 

In accordance with the present invention, the IEEE 802.1 1 standard is overlayed 
with the Black bursts technique and is incorporated into a backhaul configuration to 
provide the aforementioned benefits for communicating over a shared channel between 
the APs and a CN. As stated above, the present invention applies equally to the situation 
where all of the APs are non-real-time APs, and to the situation where there is also at 
least one non-real time AP. In the latter situation, the present invention provides real- 
time traffic with channel access priority over non-real-time traffic in order to ensure that 
QoS requirements are met for real-time traffic. The manner in which all of these features 
of the present invention are accomplished will now be described with reference to the 
state diagram shown in Fig. 3. 

In general, the overlay utilizes a shorter waiting period for real-time APs when 
attempting to access the channel than for non-real-time APs in order to provide real-time 
traffic with priority over non-real-time traffic. This results in a guaranteed QoS for real- 
time traffic because it enables bounded end-to-end delay requirements for real-time traffic 
to be met. When a data AP (i.e., a non-real time AP) wants to access the channel between 
the AP and the CN, it must wait a period of time ti ong during which no carrier signal is 
detected before accessing the channel. In contrast, a real-time AP only waits a period of 
time t med during which no carrier signal can be detected before accessing the channel. 
The time period t med may be, for example, half as long as the time period ti ong . Therefore, 
if a data AP and a real-time AP attempt to access the channel at the same instant in time, 
the real-time AP will obtain access to the channel before the data AP obtains access to the 
channel. 

Rather than using the back off state 24 shown in Fig. 2, the MAC protocol of the 
present invention demonstrated by Fig. 3 utilizes a Black bursts contention state to enable 
the real-time stations to sort themselves out and to prevent collisions. As with the state 
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diagram of Fig. 2, the AP is in an idle state 31 until it attempts to access the channel. 
When an access instant occurs, the AP enters the carrier sense state 32. When the AP 
enters the carrier sense state for the first time for a particular access instant, a first timer is 
set and the AP enters a wait state 33. The first timer is set to expire at the end of a time 
period W The AP remains in the wait state 33 until the channel has been quiet for the 

prescribed time period t me d. 

Once the timer has expired, the AP enters the Black bursts contention state 34. 
The Black bursts contention state serves a similar purpose to that of the backoff state 24 
shown in Fig. 2. The Black bursts contention state 34 prevents APs from simultaneously 
transmitting over the channel, thereby preventing collisions from occurring. Essentially, 
each AP keeps track of the amount of time that it has been waiting to access the channel 
while in the Black bursts contention state 34. Whichever AP has been waiting the longest 
amount of time will enter the observe state 35 and will observe the channel for an 
additional period of time D. If the channel is active in the observe state, the AP will 
return to the wait state 33 and then will re-enter the Black bursts contention state 34 
if/when the time period t med has expired. If the channel is idle when the AP is in the 
observe state 35 and a timer set to the time period D has expired, the AP will enter the 
transmit state 36 and the packet will be transmitted. If the timer set to the time period D 
has not expired, and the channel is idle, the AP will remain in the observe state 35 until 
either it determines that the channel is active or the timer expires. 

Once that AP has finished transmitting, the AP will return to the idle state 3 1 and 
the next access instant will be scheduled. Then, the AP that has been waiting the next 
longest period of time will burst, and so on. In this way, the APs automatically sort 
themselves out and align themselves in an efficient time division multiplexing (TDM) 
arrangement at regularly-spaced intervals, while also providing the real-time APs with 
priority over the non-real-time APs. 

In accordance with the present invention, it has been determined that the manner 
in which the APs access the channel in a backhaul network configuration can be 
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improved by varying the observation period D during which any given AP observes the 
channel to determine whether the channel is idle and thus that the AP can transmit. In 
accordance with the preferred embodiment of the present invention, the time period D 
will periodically be decreased, thereby causing the AP to attempt to access the channel at 
an earlier time than in the previous access instant. Therefore, if an AP drops out (i.e., is 
taken offline), the additional bandwidth resulting from the AP dropping out will 
ultimately be evenly spread out among, and consumed by, the remaining APs. However, 
if the number of APs attempting to access the channel has not changed, the AP attempting 
earlier access to the channel will determine that the channel is active and will return to the 
wait and Black bursts contention states 33 and 34, respectively. The time period D will 
then be reset to the previous time period. Therefore, no harm is done in attempting to 
access the channel at an earlier time. 

With reference once again to Fig. 1 , the APs 5, 6 and 7 and the CN 8 will be 
configured with intelligence to perform the tasks required by the MAC protocol of the 
present invention. Preferably, each AP comprises a state machine that is configured to 
perform the tasks of the present invention discussed above with reference to Fig. 3. 
Similarly, each CN preferably comprises a state machine that is configured to cause it to 
send appropriate responses and control signals to the APs. Those skilled in the art will 
understand the manner in which hardware, software or a combination of hardware and 
software can be configured to perform the functions represented by the state diagram of 
Fig. 3 and discussed above. Any such software may be stored on a suitable computer- 
readable medium, such as, for example, a magnetic storage medium, an optical storage 
medium or a solid state storage medium. 

It should also be noted that the MAC protocol of the present invention is not 
limited to providing real-time APs with priority over non-real-time APs. The observation 
period could also be varied in situations where only real-time APs are accessing the 
channel in the backhaul network configuration. In this case, periodically attempting to 
access the channel earlier will enable the real-time APs to aggressively and efficiently 
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utilize the additional bandwidth resulting when another real-time AP goes offline. 
Therefore, the present invention can be utilized advantageously in situations in which (1) 
real-time and non-real-time APs are sharing the channel, (2) only real-time APs are 
sharing the channel, and (3) only non-real-time APs are sharing the channel. In all of 
these situations, the network is capable of automatically and adaptively re-aligning itself 
to efficiently and aggressively consume the available bandwidth. In situation 1, not only 
is the network capable of automatically and adaptively re-aligning itself to efficiently and 
aggressively consume the available bandwidth, but real-time APs are given priority over 
non-real-time APs so that a guaranteed QoS is realized for real-time traffic. 

In the first case, the present invention provides an efficient, self-aligning backhaul 
network configuration in which real-time APs are guaranteed a particular QoS because 
the are given priority over the non-real-time APs to enable them to meet bounded end-to- 
end delay requirements for real-time traffic. In the second case, the present invention 
provides an efficient, self-aligning backhaul network configuration that enables non-real 
time APs to aggressively utilize extra bandwidth resulting when another non-real-time AP 
goes off line. 

The present invention has been described with reference to particular 
embodiments, but is not limited to these embodiments. Those skilled in the art will 
understand that the present invention is not limited to these particular embodiments. It 
will also be understood by those skilled in the art that modifications may be made to the 
embodiments described above that are within the scope of the present invention. 
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